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Recent results on mixing, CP violation and rare decays in charm physics from the LHCb
experiment are presented. Study of “wrong-sign” D0→ K+pi− decays provides the high-
est precision measurements to date of the mixing parameters x′2 and y′, and of CP
violation in this decay mode. Direct and indirect CP violation in the D0 system are
probed to a sensitivity of around 10−3 using D0 → K+K− and D0 → pi+pi− decays
and found to be consistent with zero. Searches for the rare decays D+
(s)
→ pi+µ+µ−,
D+
(s)
→ pi−µ+µ+ and D0→ µ+µ− find no evidence of signal, but set the best limits on
branching fractions to date. Thus, despite many excellent results in charm physics from
LHCb, no evidence for physics beyond the Standard Model is found.
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1. Introduction
CP violation and the branching fractions of rare decays in charm physics can be
significantly enhanced beyond Standard Model (SM) predictions by the presence
of non-SM particles. Precision measurements of these parameters can thus provide
evidence for, or strict limits on, new physics.
The LHCb detector1 at the LHC is specifically designed for precision measure-
ments of CP violation in decays involving c and b quarks. The Vertex Locator pro-
vides fine tracking around the interaction point, achieving decay-time resolutions of
around 50 fs for D0 mesons; the full tracking system yields momentum resolutions
of σ(p)/p ∼ 0.5%; and the two Ring Imaging Cherenkov detectors provide clean
separation of pions and kaons. Additionally, the cc production cross section in the
collisions provided by the LHC is very large. With 1.1 fb−1 integrated luminosity
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recorded at
√
s = 7 TeV in 2011 and 2.1 fb−1 at
√
s = 8 TeV in 2012 this makes
LHCb an excellent source of high statistics datasets for the study of charm physics.
2. Mixing and CP Violation in D0→ K±pi∓ Decays
The “right-sign” (RS) decay of D0 → K−pi+a occurs predominantly through a
Cabibbo-favored (CF) process in which no D0-D0 mixing occurs. The “wrong-sign”
(WS) D0 → K+pi− decay occurs with roughly equal rate via a doubly-Cabibbo-
suppressed (DCS) process and one in which the D0 meson first mixes and then
decays via the CF process. The ratio of the decay rate of WS decays to that of
RS decays as a function of the decay time of the D0 meson is thus sensitive to the
mixing parameters x′2 and y′ and is given by
R(t) =
NWS(t)
NRS(t)
= RD +
√
RDy
′t+
x′2 + y′2
4
t2, (1)
where
RD =
∣∣∣∣ADCSACF
∣∣∣∣2 , x′ = x cos(δ) + y sin(δ), y′ = −x sin(δ) + y cos(δ),
δ = arg
(
ADCS
ACF
)
, x =
∆mD0
ΓD0
, y =
∆ΓD0
2ΓD0
, (2)
ADCS(CF ) is the amplitude of the DCS (CF) decay, ∆mD0 is the mass difference of
the mass eigenstates of the D0 system (defined as |D0H,L〉 = p|D0〉±q|D0〉), ∆ΓD0 the
decay width difference, and ΓD0 the decay width of the D
0 meson. Any discrepancy
in R(t) between initial states of D0 and D0 would indicate CP violation.
R(t) is measured by firstly reconstructing and selecting D∗+→ D0pi+s candidates
with D0→ K±pi∓ 2. The charge of the pi+s track gives the flavor of the D0 candi-
date at production. Backgrounds, predominantly from D0 decays associated with a
random pi+s track, are distinguished from signal by the distribution of the invari-
ant mass of the D∗+ candidates (mD∗+). An additional background arises from D0
mesons produced in decays of B→ D0X. These are strongly suppressed by a cut
on the impact parameter (IP) χ2 of the D0 candidate and a systematic uncertainty
assigned to any remaining contribution. WS and RS candidates are divided into
bins of D0 decay time and the distribution of mD∗+ fitted in each bin to obtain the
yields. The ratio of WS to RS yields is then plotted against decay time to give R(t)
and fitted with Eq. 2 to determine RD, x
′2 and y′.
The results of fits for x′2 and y′ from the full 2011 and 2012 datasets are shown
in Fig. 1. The cases in which CP violation is allowed, only indirect CP violation
is allowed, and no CP violation is allowed are all considered. The CP conservation
case gives
RD = (3.568± 0.066)× 10−3, x′2 = (5.5± 4.9)× 10−5, y′ = (4.8± 1.0)× 10−3,
aCharge conjugate states are implied throughout.
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Fig. 1. The results of fits for x′2 and y′ in the case that (left) CP violation is allowed, (middle)
only indirect CP violation is allowed, and (right) no CP violation is allowed.
which excludes the no mixing hypothesis at > 10σ. Additionally, the cases for which
CP violation is allowed find
RD(D
0)−RD(D0)
RD(D0) +RD(D0)
= (−0.7± 1.9)%,
and 0.75 < |q/p| < 1.24 at 68.3 % confidence. These are the most precise single
measurements of these parameters to date and show no evidence for CP violation.
3. Indirect CP Violation in D0→ h+h− Decays
The parameter AΓ, defined below, gives access primarily to indirect CP violation
as
AΓ =
τeff(D
0→ h+h−)− τeff(D0→ h+h−)
τeff(D0→ h+h−) + τeff(D0→ h+h−)
'
[
1
2
(Am +Ad)y cosφ− x sinφ
]
, (3)
where τeff is the effective lifetime, h can be either a pion or kaon, and
Am =
|q/p|2 − |p/q|2
|q/p|2 + |p/q|2 , Ad =
∣∣Af/A¯f ∣∣2 − ∣∣A¯f/Af ∣∣2∣∣Af/A¯f ∣∣2 + ∣∣A¯f/Af ∣∣2 , φ = arg
(
q
p
A¯f
Af
)
, (4)
with Af (A¯f ) the amplitude of the D
0 (D0) meson decaying to the given final state.
Similarly to the analysis method discussed in Sec. 2 the decay chain D∗+→ D0pi+s
is used to obtain the flavor of the D0 candidate at production3. The K+K− and pi+pi−
final states are both analyzed. For the K+K− final state backgrounds from partially
reconstructed three-body D0 decays contribute in addition to combinatorics. These
are distinguished by a fit to the distribution of mD0 and ∆m ≡ mD∗+ −mD0 .
The effective lifetime is obtained by performing an unbinned maximum likeli-
hood fit to the decay-time distribution using a data-driven, per-candidate method
to correct for the biasing effect of the candidate selection4. Additionally, the distri-
bution of the IP χ2 of the D0 candidates is used to distinguish the background from
B→ D0X decays. Examples of fits to the D0 IP χ2 and decay-time distributions
are shown in Fig. 2.
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Fig. 2. Examples of fits to the impact parameter χ2 and decay-time distributions for the K+K−
final state.
From the 2011 dataset these fits give
AKKΓ = (−0.35± 0.62± 0.12)× 10−3, ApipiΓ = (0.33± 1.03± 0.14)× 10−3,
where dominant systematics arise from the accuracy of the acceptance correction
and the modeling of the backgrounds. Thus, no evidence for indirect CP violation
is found.
4. Direct CP Violation in D0→ h+h− Decays
The parameter
∆ACP = ACP(D0→ K+K−)−ACP(D0→ pi+pi−), (5)
where ACP is the time-integrated CP asymmetry of the given decay, gives direct
access to direct CP violation as the production asymmetry of the D0 meson cancels
in the difference. To ensure full cancellation of production and detection asymme-
tries between the K+K− and pi+pi− final states the K+K− candidates are weighted
so that their kinematic distributions match those of pi+pi− candidates.
Two independent datasets are used to measure ∆ACP: one in which the flavor of
the D0 candidate at production is determined using D∗+→ D0pi+s decays5, compris-
ing predominantly prompt D0 decays, and one in which the decay B−→ D0µ− is
reconstructed, with the charge of the µ− giving the flavor of the D0 candidate6. The
yields are determined by fits to the ∆m distribution for the pion tagged sample,
and mD0 for the muon tagged sample.
Using the 2011 dataset the measurements obtained are
∆ACP(pi tagged) = −0.34±0.15±0.10%, ∆ACP(µ tagged) = +0.49±0.30±0.14%,
where the pi tagged measurement is preliminary. This gives an average of
∆ACP = −0.15± 0.16%.
Thus no evidence of direct CP violation is found.
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Fig. 3. (Left) the fit to the pi+µ+µ− invariant mass distribution in the low µ+µ− mass region,
with background from D+→ pi+pi+pi− shown in solid gray; and (right) the confidence limits for
B(D+→ pi+µ+µ−).
5. Rare Decays
The search for decays of D+(s)→ pi+µ+µ− is sensitive to new physics as the process
c → uµ+µ− is predicted to have a branching fraction of O(10−9) in the SM7.
Similarly, the lepton number violating decays D+(s)→ pi−µ+µ+ are forbidden in the
SM but can occur in some new physics scenarios, e.g. with the existence of Majorana
neutrinos.
The distributions of piµµ invariant mass are fitted in bins of µ+µ− (pi−µ+)
invariant mass in order to determine the yields8. The limits on the signal yields are
normalized to the yields found in the mµ+µ− region containing the φ resonance and
combined with the well known B(D+(s)→ pi+φ(→ µ+µ−)) to obtain limits on the
partial branching fractions of D+(s)→ pi±µ+µ∓ in each bin of mµ+µ− (mpi−µ+). The
total branching fractions of non-resonant decays are also constrained by combining
information in bins of mµ+µ− (mpi−µ+), assuming a phase-space model. An example
of a mass fit and branching fraction confidence limits for D+→ pi+µ+µ− decays are
shown in Fig. 3.
Using the 2011 dataset the resulting 90 % confidence limits on the total non-
resonant branching fractions are
B(D+→ pi+µ+µ−) < 7.3× 10−8, B(D+s → pi+µ+µ−) < 4.1× 10−7,
B(D+→ pi−µ+µ+) < 2.2× 10−8, B(D+s → pi−µ+µ+) < 1.2× 10−7,
which give a factor of roughly 10−2 improvement over the previous best limits.
A similar search for D0 → µ+µ− decays using the 2011 dataset finds
B(D0→ µ+µ−) < 6.2× 10−9 at 90 % confidence9. Thus, no evidence for new physics
has yet been found via rare decays.
6. Conclusions
Recent results on mixing, CP violation and rare decays in charm physics from the
LHCb experiment were presented. Study of D0→ K+pi− decays has provided the
highest precision measurements of the mixing parameters x′2 and y′ to date, and
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of CP violation in this decay mode. Direct and indirect CP violation in the D0
system have been probed to a sensitivity of around 10−3 using D0→ h+h− decays
and found to be consistent with zero. Searches for the rare decays D+(s)→ pi+µ+µ−,
D+(s)→ pi−µ+µ+ and D0→ µ+µ− have found no evidence of signal, but have set
the best limits on branching fractions to date. Thus, while no evidence for physics
beyond the Standard Model has yet been found, the LHCb experiment is firmly
establishing itself as a world leader in high precision charm physics measurements.
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